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HIGH-SPEED INVESTTGATION OF L@W-DRAG -WING INLETS
By Norman F. Smith

 SUMMARY

Tests of a low-drag wing-inlet section, which had -
been developed in a previous low-spsed Investigation at
ILMAL, were conducted at high speeds in the NACA 8-foot
high~speed tunnel, Near the design angle of attack, the
inlet section was found to have minimum proflle drag
comparable to that of a similar low-drag plain airfoll
section and to have negligible inlet losses. These results
corroborate those obtained in the low~-speed development
program, The 1nlet section was found to have a higher
critical Mach number than a comparable airfoll section,
as predicted in the previous low-speed tests of this inlet
section., A gain in critical Mach number of about 0.02
was measured, whlch 1s approximately one-half the gain
indicated by the previocus lowespeed data and the data
obtalned at low Mach numbers in the present investiga-
tion, ©No inordinate changes in section characteristics
with Mach number were found. In general, the varlations
were qulte similar to those variations found for the
comparable plaln alrfoll section tested simultaneously.

Satisfactory section characteristics could be
obtained only for a small range of angle of attack and
inlet-veloclity ratio, as a result of Internal separation
and external pressure peaks. The maximum 11ft found for
the inlet section was considerably lower than that found
for the similar low-drag plaein airfoil sectlon. Tests
of the inlet section with two amounts of camber showed
that the introductlon of a moderate amount of camber
improves the sectlion characteristics and the useful
angle~of=~attack range. Further development is shown to
be necessary to produce Inlet shapes having satisfactory
characteristics through the deslred ranges of angle of
attack and air-flow quantity. .

INTRODUCTION

A program was Initlated by the NACA that 1Included
tests at low spesds in the NACA two-dimensional
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low=turbulence tunnel to develop air-inlet shapes for
low-drag alrfolls and subsequent tests at high speeds

in the NACA 8-foot high-speed tunnel to determine
compressibility effects on the characteristics of the
most promising shapes. A development program in the

NACA two-dimensional low-turbulence tunnel produced
wing-inlet sections having a minimum section profile

drag comparable to that of similar low-drag plain airfoil
gsections (reference 1). The low-speed pressure data also
indicated that the critical compressibility speed might
be higher for an airfoll of a given thickness ratio with
alr flowing into an efficient air-inlet opening than for
a similar section of the same thickness ratio with no
inlet opening.

The present investigation was made in the NAGCA
8-~foot high-speed tunnel with three models designed
from one of the best inlet sections (shape 9) presented
in reference 1, As a part of the general program,
shape 9 was tested in its original symmetrical form;
in order to study the general application of the inlet
shape to cambered sections, two additional cambered
models were designed and tested,

Section characteristics of the wing-inlet models
were determined from pressure distributions, internal-
flow measurements, and wake-survey measurements. For
purposes. of comparison, the corresponding characteristics
of a comparable low-drag plain airfoil section were
similarly determined.

SYMBOLS
a0 speed of sound in free-stream air, feét pert second
M, ~ free-stream Mach number (Vo/20)
Moy critical Mach number
aq section angle of attack, degrees
Po free-stream density, slugs per cublc foot
Qg fres~stream dynamic pressure, pounds per square

1 2
foot (Epovo )
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AH ...  total-pressure lcgs.from free stream.to internal
' ' survey take shown in flgure 1 pounds per sguare
foot

AH/QbH'ﬁotal—presSﬁfe—losswégéffiéiénff';”*”"

ol local static pressure, pounds per-squafe.foot
Po - free- stream statlic pressure, pounds per square
foot :

P ‘pregsure coefficlent (}L{ijﬁ;>

Pop eritical pressure coefficlgnt corresponding to a
_ Mach number of 1.0 at that point

c - . WJn0 chord, fee}

dol, 'sectlon profile drag, pounds per foot of span

cd, gsection profile~drag coefficient <§§E

dint internal drag, pounds per foot of span

ds
-internal drag coefficlent (L%EE

ca-
dint 4ol
n. ' sectlon normal force, pounds per foot of span
Cn "sectlon normal-force coefficient (/ ‘)
m, . . section pitching moment about guarter- chord point,

foot- pounds per foot of span

: section pitchinv-moment coefflcient <’ %)
. ‘ , qoc

R _Q-_Reynolds number , |

" free-stream velocit&, feét 5er second'-

V4l :Nelopity af.air”inlgt, feet:per second

Vy/V,. inlet-velocity ratio N o

Ay féfeéfof air inlet, équérefféet-ﬁéf“ﬁ5§t_bf'sﬁhﬁ
N ares of air outlet, sqﬁaré'feeﬁ'ﬁer'fdéiﬂdf S%én

(station number designatlons follow those used
in reference 2)
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x distance along chord from leading edge of airfoil
{(see fig. 1) - '

¥, Vg distance perpendicular to chord for respective
: surfaces (see fig. 1)

cy, section 1ift coefflicient

APPARATUS AND TESTS

Apparatus

The NACA 8-foot high-speed tunnel, in which this
Investigation was conducted, is a closed-throat,
circular-section, single~return tunnel with airspeed
continuously controllable from about 75 to 600 miles
per hour, The turbulence of the airstream is low but
is somewhat higher than the turbulence of free air.

Models

The three models tested were of 2-foot chord and
were constructed of wood. The general layout of the
models and a scale drawing of each section tested are
presented in figure 1. The inlet section of each model
extended over one-fourth of the span and was [falired,
in an "end-closure'" length approximately 2.75 times the
inlet height, into a low-drag "basic airfoil section”
that made up the rest of the span (figs. 1 and 2) (General
and detail views of ocne of the wing-inlet models are
presented in figures 2 and 35, respectively. It should
be noted that the basic airfoll section matches the inlet
section only in maximum thickness, meximum-thickness
location, and camber, and is representative of many
ssections that might be used in conjunction with the
particular inlet section, The model ordinates are given
in percent chord in table T,

The inlet section of the symmetrical wing is
externally an exact reproduction of shape 9 of refer-
ence 1 {(reduced to 2-foot chord)., The inlet height is
approximately 32.5 percent of the meximum thickness of
the section., The basic airfoill section is the NACA
66(218)-018,9 airfoil section (reference 3).
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. For the medium-camber wing, shape 9 of reference 1
was fitted to an NACA 65,%-018 airfoil section and
~cambered. The procedure was as follows:

(a) The length of the original inlet ssctior ahead
of the maximum-thlckness station (0.&50) was reduced by
the ratio of L0/45 to make the location of maximum
thickness coinclide with thaet of the basic airfoll sec-
tion (0,40c).

(b) The thickness was reduced to that of the basic
airfoll section by subtracting O.lL percent chord from
the inlet-section ordinates. - _ :

" (c) An arbitrary fairing to the exlt was begun at
the 65=percent-chord station of the airfoil.

(d) The fairness of the resulting inlet section was
checked by computing the slope of the surface between
consecutive ordinates and modifying the ordinates where
necessary to make the variation of slope along the chord
smooth,

(e} The final ordinates were combined with a camber
line of design ¢3 = 0.30, mean line a = 0.6 (refer-
ence 3),

The inlet height is approximately 29.5 percent of the
maximum thickness of the section, The basic airfoil
section is the NACA 65,3-318 airfoil section,

In the high-camber wing, the inlet and the basic
airfoll sections have the same thickness distribution
as the symmetrical wing but are cambered to ¢y = 0.50,
mean line a = 0.6,

The three inlet sectlons very closely represent a
family of cambered sections, and the test data can be
analyzed to establish the general effects of camber on
the inlet ssction. The duct for the three models had
the same "thickness distribution™ and was designed to
give a low value of Internal loss, The camber line of
each inlet section was applied to the duct for that
model. (See fig.1l.) No simulated internal resistance
was employed, because resistance serves merely to reduce
the inlet~velocity ratio that can be obtalined with a
glven exit area and does not appreciably affect the
external conditions over the sectlon or the internal
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conditions at the entrance. Removable exit plates were
modified as shown in figure 1 to give the desired exit
areas and inlet-velocity ratios. Streamline steel
spacers were installed both in entrances and exits to
provide additional strength, During the tests no
modifications to the sections were made except for
several small changes in the internal-lip shape, which
was designed to reduce entrance losses. (See fig. L.)

Measurements

Each inlet section was equipped with surface static-
pressure orifices to measure external pressure distribu~
tlons and with an Internal survey rake to determine
internal-flow condlitions. (See fig, 1l,) The basic air-
foil section of each wing was also provided wlth surface
static~pressure orifices at approximately the same
distance from the tunnel center line, The pressure tubing
passed from the model through a passage in the wing and
wag comnected to a multiple-tube manometer in the test
chamber,

Section normal-force and pitching-moment coeffi-
cients were obtained by integration of pressure-
distribution plots., Total-pressure loss and inlet-
velocity ratio were computed from measurements obtalned
with the internal survey rake, Section profile drag
was measured by the waks-survey method behind sections
not influenced by the surface pressure-digtribution
orifices or the inlst end-closure,

For several tests, wool tufts were installed at
appropriate points on the symmetrical inlet section to
permit observation of flow conditions, The models were
tested through the complete angle-of-attack range from
approximately -t to an angle higher than the angle for
maximum 1ift at low speeds. The angle-of-attack range
at higher speeds was reduced because of structural
limitations of the wing. The inlet-veloclty ratio of
each inlst section was varied from approximately 0,25
to 0,85, The tests were run through a range of Mach
number from 0.20 to approximately 0,70 corresponding
to a range of Reynolds number from 3%,000,000.
to 7,700,000 (fig. 5).
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RESULTS AND DISCUSSION

- BExternal-Flow Conditions

. Pressure distributlions.- Pressure distributions are
shown 1In Iigures b to O for the inlet section of the three
wings at ap = 0° and V3/V, = 0,53 for comparison, the
pressure distributions over the basic airfolil sections
-are also presented.

In figures 9 to 1. the pressures over the inlet
sections are shown to be very sensitive to changes
In a5 and Vl/VO. The upper surfaces of the cambesred
inlet sections are less sensitive than the symmetrical
inlet section, becauss the introduction of camber
results in a favorable Increass in curvature of the
upper lip. Thse decrease in curvature of the lower lip
results in a pressurse peak on this surface at the design
angle of -attack. External-flow conditions improve with
Increase in inlet-velocity ratio.

The resulta show that only a small range of angle
of attsck and inlet~velocity ratio exists wherein a
favorasble pressure diazstribution can be malntained cver
the inlet sections. When well established, the pres-
sure peaks produced outside this small range will
result in »preclusion of laminar flow on one surface and
in reduction of critical speed,

Critical Mach number.- Critical Mach number Man
is defined as the free-stream Mach number at which a
local Mach number of 1.0 is attained st some point on
the section., Figure 15 shows the variation of peak
pressures with Mach number for the symmetrical wing at
various angles of attack., It is apparent that the
variations for the inlet section do not follow the
normally assumed variatlon. Prediction of critical
speeds by the usual methods from low-speed data of
this kind would be greatly in error, because of the .
high peak pressures lnvolved. Previous experience
indicates that a very steep pressure gradlent can
cause the formation of a local separation bubble which
effectively changes the shape of the body and lowers
the pressure peak as Mg 1s increased. A separation
bubble of this kind is evidently produced on the upper
1ip of the symmetrical inlet section at moderate angles
of attack. Because the bubble 1s qulte small, no large
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increase in drag results, At the higher angles of attack,
however, serious seraration takes place over the lips.

Figures 16 and 17 show the critical speeds at various
angles of sttack and inlet-velocity ratios for the inlet
and basic airfoll sections of the symmetrical wing. The
critical speed of the inlet section is slightly higher
than that of the basic airfoil ssction near the design
angle ol attack because of the effective reduction in
thickness caused by the passage of air through the sec-
tion. Gains in critical Mach numbers of approximately
0.02 over those obtalned for the basic airfoilil sections
were found for the symmetrical inlet section. These
gains are somewhat lesas than the valuss of 0.035
to 0.0L0 obtained from extrapolating the results of the
low-speed tests of reference 1 and the low-speed data
from the present Investigation. When the angle of attack
is reached beyond which the critical speed 1s governed
by the pressure peaks on the inlst lips, the critical
speed of the inlet section 1s reduced below that of ths
basic airfoil secticn. The extent of the angle~of-attack
range for high critical speed is a funciion of inlet-
velocity ratio. :

A similar gain in critical Mach number was found
for the medium-camber inlet section. A comparison of
figures 18 and 19 with figures 16 and 17 indicates that
a moderate amount of camber Improves the critical-spesd
characteristics in the range beyond the design angle of
attack without arnreciably alffecting conditions at the
design angle. Figures 20 and 21 show, however, that a
large amount of camber changes the shape of the lower
inlet lip to such an extent that the critical speed near
the design angle of attack is seriously reduced.

Internal-Flow Conditions

The variation of Vi/V, with sngle of attack for
the three inlet sections with various exit areas are
shown in figures 22 %o 2lp. The inlet-velocity ratio,
in most cases, decreased slightly as the angle of attack
was changed from the design angle of attack, mainly
because of internal-flow separation st the entrance.

Total-pressure-loss~-coefficient data for the inlet
sectlion of the symmetrical wing is presented in figure 25
as a function cof angle of attack., The angle-of-attack



" NACA' ACR No. 14118 9

range for low total -pressure loss was small, particularly
for high inlet- veloclty ratios. Tuft tests showed that,
separatlon occurred on the inside of.the inlet lower: lip
4t ap = 29, V1/Vy = 0.53;:this separation led to an
immediate starp rise in AH/qO ‘as' the angle of attack

was. anreased further. Bebause of increased entrance
losges, AH/q, rises with increase in inlet-velocity

ratio. Similar intermal-flow characterisulcs were found
for the two cambered inlet sectLons (figs. 26 and 27).

Changes in 1n1et veloclty ratio and total pressure-
loss coefficient with Mach number were small. The angle
of attack at which internal separation began did. not

change. appreciably with Mach number,

A tuft test was made to 1nvestigate the Flow in the
vicinity of the inlet end-closure of the symmetrical wing,
The test showed that, as the angle of attack was
increased, both Jnternal and external separation occurred
first in the end-closure section of the inlet. . Further
development of inlet end-closure shapes is shown to0 be
necessary.

Section Characteristics

Proflle drag.- The results of the proflle drag
measurements ror the three wings are given in figures 28
to 30, The values of the proflle—drag coefficients
presented for the inlet sectiong include both internal
and external drag, .and the internal drag for each con-
figuration 1s also shown. Inasmuch as the change in
internal drag with Mach number was small, data for
only one Mach number are presented.

The minimum values of °d; for the inlet and the

basic airfoil sections of the symmetrical wing are
approximately equal at medium inlet-velocity ratios.

At the highest V1/V, tested,'no low-drag range exlsts
(fig. 28(e)). ‘Bécause the internal drag for this condl-
tion is very low, the high drag is believed due primarily
to the flared exit that was.required to -produce this high
inlet=~velocity ratio, (See exit detaills, fig. 1.) Inas-
much as flaps are usually used in connection with trailing-
" edge alr exits to obtain high flow rates, high drag for
this condition is usually encountered. . Some reduction



10 " NACA ACR No. 14118

in this drag may be obtainazd through improvements in
design. At the lowest test wvalue of Vl/Vo no low-
drag range exists (fig. 28(a)). Because of .the high.
local angle of attack of both inlet lips, pressure
peaks occur and preclude the existence of laminar flow
over both external surfaces. The drag coefficlent at
0o = 1° 1is less than at ap = 0° -because the pressure
peak on the lower surfsce has disappeared and some
laminar flow exlsts on that surface.

The low-drag range 1s smaller for the inlet section
than for the basic alrfoil section, The extent of. the
low-drag range decreases as Vl/VO' dscreases because
external=-flow conditions become more critical at low
values of Vy/V,. The drag of the inlet section beyond
the low-drag range .(above approximately 1°) increases
at a much greater rate with angle of attack at low
inlet~-velocity ratios than does the drag of the basic
airfoil section. Examination of the internal-drag data
shows that this steeper slope is due principally to
unfavorable external~flow conditions.

The medium-camber wing shows the same general drag
characteristics found for the symmetrical wing, except
that the low-drag range is scmewhat greater and the
center of the range is shifted in ths positive angle-of-
attack direction.: The shape of the upper 1lip has been
improved by cambering and the lower lip has been lmpaired
only slightly.

For the high-camber wing, the minimum profile-drag
coefficient of the inlet sectlion at all values of Vqy/Vg
is higher than that of the basgsic alrfoil section. The
draeg rise is rapid at angles of attack below the angle for
minimum drag, largely because of separation over the
lower 1lip of the inlet. At positive angles of attack,
separation over the upper surface causes a rapld rilse
in drag. From observations of tlhe wake profile and
pressure distributions, this separation was found to
oceur back cof the maximum-thickness station. The
profile drag could not be accurately measured because
-of the extreme width and rapid fluctuations of the wing
wake, At high Mach numbers, the separatlion became
severe cver both the inlet and the bhasic airfoill sec-
tions at all angles of attack., The camber for c¢; = 0,50,
used with a thickness ratio of 18.9 percent, apparently
results in sections with serious flow=-separation tendencies.
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The minimum values of C3q, é&nd the width of the
low-drag rangs for the basic alrfoll sections of the

" three wings tested are in agreement with values obtained

from twokdimensional tests of similar sections (refer-

ence 3).

Pitching moment.- The variations of section
pltching-moment coefficient with Mach number are of the
same order for the inlet and the basic alrfoil sections

*. of the symmetrical wing (fig. 31). At the low inlet-

velocity ratio a larger variation of pltching moment
with angle of attack occurs, because of alteration of
the chordwise 1lift loading by pressure peaks on the inlet

" lips.

The same general trends are indicated for the:
medium~- and high-camher wings (figs. 32 and 33%).  Larger
changes in pitching-moment coefficlent with angle of
attack and Mach number took place with the high-camber

wing, probably because of the separation effects pre-
viously noted.

Although .not conclusive, these tests indicate that
the addition of a properly designed air inlet to a low-
drag airfoil section nezd not appreciably change the
pitching-moment characteristics of the original section.

Lift.- Section normal-force coefficlents are

'bresenEeE ingstead of section 1lift coefficlents., Analysis

shows--that the .two are approximately equal; the differ-
ence is leéss than 5 prercent at maximum 1lift.

Normal-force-coefficient curves for the inlet and
the basic airfoil sections of the symmetrlical wing are
shown in figure.3ly. A considerable deficiency in '
maximum 1ift. for the inlet section is evident. Maximum
11ft increases with increase In inlet-velocity ratilo
because of the improvement of external-flow conditions,
Tuft tests Indlicated that early separation over the
upper inlet lip is responsible for the low value of
meximum 1lift,

The inlet section. of the medlium-camber wing, when

compared with the basic airfoil section (fig. 35), shows

only a small loss in maximum 1ift because the inlet
upper 1lip has been improved by cambering. Both the
inlet and the basic airfoil sections of the .high-camber
wing show a decrease in lift-curve slope at angles of

~
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attack greater than approximately 4° as a result of
separation over the rear portion of the section (fig. 36).
The angle of maximum 1ift was not reached in the tests cf
this wing. ' '

The angle of zero 1ift for the two cambered inlet
sections shifts somewhat with inlet-velocity ratio
(figs. 35 and 36). This effect is due -largely to changes
in exit fairing. The symmetrical inlet sectlion exhibits
very little shift in angle of zero 1lift because accuratsly
symmetrical exit fairings are easily produced.

The variations of normal-force coefficient with Mach
number are of the same order for the inlet section and
the corresponding basic airfoil section of each wing
(figs. 37 to 39). Data for only one inlet-velocity
ratio are presented because the effect of inlet-velocity
ratio was very small for moderate valuss of 1lift,

Modifications

Two internal inlet-lip modifications, which were
designed to improve entrance conditions, were tested on
the inlet section of the symmetrical wing. Modifica-~
tion A was an arbitrary fairing involving no change in
lip radius; modification B was the same as modifica-
tion A with a 50-percent increase in lip radius (fig. ).

The results show (fig. L0) that an addition to the
lower lip of a simple fairing such as modification A
increases the angle-of-attack range for low total-
pressure -loss in the inlet from LO to 80, Tuft tests
showed that the fairing increased the angle-of-attack
range by delaying internal-flow separation off the inlet
lower lip. The results obtained with modification B show -
little improvement over results obtained with the original
inlet, The larger lip radius apparently nullifies the
effect of the falring and produces, in addition, an
unfavorable effect on the external flow,

Design Considerations

The angle-of-attack range through which low inlet
losses and low section drag -are .desired is approxi-
mately 79, or from high~-speed attitude to climb attitude.

The data indicate that the original inlet shape (shape 9
of reference 1) does not have the desired range.
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Tests of the inleti sedtidri:of the symmetrical wing
with modifications A and B Indicate that the angle-of-
attack range for low inlet losses can be easily increased
to ‘a satisfactory eéxtent.: No-.tests of external modifica-
tiong,  as such, were included in- the present investlga-
tion,  Tests of the cambeéred wings indlcate, however,
that Increasing the curvature of the inlet uppev iip.
‘résults in an’ Improvement over the original sectlon.;,

" Unpublished data from wind-tunnsl programs :in which

wing inlets wére developed .for specific airplanes -
corroborate this finding and show that an appreciable

galn in maximum 1ift can be realized by improving the..

flow over the inlet upper 1ip. These development programs
indicate also that -judicious use of 1ip stagger beyond the
amount produced by camber can improve both internal flow
conditions and maximum 11ft o

Tbe tests 1ndicate thdt camberlnp a symmetrical
"inlet section by normal methods (reference .3) .1
unsatisfactory in the vicinity of the inlet llpS.

. The inlet lower lip, because of decreased curvature
“"dug to ‘camber, produoed an adverge pressure distribution

'fat the design &ngle of attack on the medlum-and high-

camber w1ngs._
! A method for fltting an’'inlet séction to a.given
‘dirfoil section %as been described under the design of

. the medlum—cimber wing., The characteristics of the

“inlet section produced by this method dépend, of .course,
upon the characteristics of the inlet section from which
this section 1s designed. 1In addition, the procedure
merely utilizes normal camberiiig methods and .dees not
gLve needed spécial consideration to the inlet llps.;
The medlium-camber inlet,-therefore, evinees the: same.
*1dimitations found for the' original inlet section except
for the slﬁght improvement due-to camber.: A3 a general
method of appllcatlon, the procedure 1is indwoated by. the
tasts to be satisfactory from considerations of pressure
distrlbutlon drag, and critical speed near the design
anolo of attack . R

Further development is aooarently'needed to produce

' useful efficiont inlet shapes. -Satisfactory section’

charaoteristlcs must be avallable for sufficiently w1de
ranges of inlet-velocity ratio and angle of attacks
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CONCLUSIONS

1. Tests at high speed of three wing-inlet models
designed from one of the best wing~inlet sections
developed in a previous investigation at low speeds
showed that the inlet section has minimum section drag
comparable with that of a similar low-drag plain airfoil
section and has negligible inlet losses near the design
angle of attack. A properly 6681”ned alr inlet can be
installed in a low-drag wing ab vvrtually no cost in
external drag.

2, Critical Mach numbers aoorox1matelv 0. 02
higher than those of the basic airfoil sections were
found for the symmetrical and medium~-camber inlets,’
These wvalues are approximately one-half the gains
indicated by extrapolation of low-spesd data from the
previous development’ program or from the present investi-
gation.

3, The inlet section 1is qulte sen31tivn to changes
in angle of attack. Adverse effects are produced on the
inlet lips that result iIn small angle~cf-attack ranges
for low drag, high critical speed, and low entrance
losses, A considerable deficiency in maximum 1lift, as
compared to the maximun lift of the basic airfoll sec~
tlion, results from unfavorable flow conditions over the
inlet unper lip for the symmetrical and low-camber inlet
sections,

i, Introduction of a moderate amocunt of camber
1mproves most of the section characteristics and the
useful angle-cf-=~ attack range, The improvement is due
primarily to the increased curvature of the wupper lip,
which reduces or delays the adverse effects incurred
by bhe criginal shane. The decrsassed e¢urvature
of the lower lip, however, produces adverse effects,
indicating that speclal metnoas must e devzsed 1¢'or
cambering inlet sectilons.

5.'The variations in inlet sectlon characteristics
due to compressibility were, in general, quite similar
to the variations found for the comparable plain alirfoll
section, ' ‘ ' '

£. The method devised for fitting an inlet section
to a basic airfoil section (used in the design of the
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medium-camber wing) is shown by the data to be satis-
factory, as compared with the original symmetrical
section, with regard to pressure distribution, critical
speed, and drag. ' '

7. Further development is apparently needed to
produce efficlent inlet shapes from whlch satlsfactory
wing inlets for any desired ranges of inlet-veloclity
ratio and angle of attack can be designed and adapted
to a wing sectlon having any design camber,

Langley Memorlal Aeronautical Laboratory
Natlonal Advisory Committee for Aeronautlcs
Langley Field, Va.
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TABLE I.- MODEL ORDINATES
Ordinates in percent chord

"ON d0V VDOVN

8TIV1

Symmetrical wing Medium-camber wing
Bu:zc:ig;oil Inlet section Basic airfoll section Inlet section
U°p::r;"::.i°'" Upp::r;:g.iour Upper surface | Lower surface Upper surface Lower surface
x | ¥ x Yy Ya x b4 x Y x y x Ta x b4 x Ta
o |o o |3.343] 3.083 0 0 0 0 -0.5671 2,846 ]---caecf-uune 0.567]2.86] --acn|ocenm
.5 |1.508 .5 | 3.8% .283| 1.0l .717|1.208 -.osg 3.2’819 0 06Z 2.737 1.05% 3,287 0.933 2.5li6
.75]1.812 <15 3.97 .508| 1.71 .992|1.4ks6 .208 i 7 glé 2.800) 1.292 3.%12 1.15412.525
1.25{2.28% 1.25{[,.228 .959 2.1 1.521(1.7 z .12 . 025 .B83]2.892] 1.771 a 08] 1.617 2.373-
2.50 ﬁ'°79 2,50 L. 7hS 2.187 zo;s 2.812(2.3 1.99 h.gz'( 2.179|3. 3.0 .00 2.821)2.40
5.00{L.175 5.00 2 22 L.642] L4371 s5.358]3.192] L.508| 5.862| L.725]|3.554] 5.492]4.612{ 5.275 2'30%
7.50/5.037 7.50( 6.137 |Stratght 7.121 zaﬁg 3.839 E 6 T.025| 6.7291 7.250 a.9 7.97515.0461 7.75012.25
10 5.550 10 ~ [ 6.652] 1ine 617 6. 10.387 .5&3 135)62 g%hz . sz .300 10.25 5.38310.2% 2.-2?;2
15 6.858 15 46 629] 7.904 | 15.37115.2 .587( 8.617 12 96|L.946115.41215.91 15.20& 2,246
£:858 3:58
20 5.6, 20 .09 15.662| 9.029 | 20.342 2.825 %ﬁ 52 9.504 éz 2115.500]20. 362 '23 20.179}2.292
25 . 25 8.523 9,900 | 25.296 .272 .69 10.2& .846|5.029 25.5013 6.5 a 25.15412.4
30 |8.825 30 Bgza 29.762|10.537 | 30.237(6.59 zz.gsh 10.6 2 .8'(7)2 6.500|30. 6.532 30.12 2.52
5 9.162 5 9. 3L.825/ 10, 5.1 6.575 30,821 11.013 30.904{6.937 ﬁ5.17 6. 5.096[2.762
0 9.367 0 9.379| 5.208 39.892{ 11,15 0.108]6.821 3.892 11,15 .93717.279]40.108]6.821]40.002|2.937
45 9. 23 45 9. 32 5.208 962(11.12 h5.027 6.704 .862 11,12 .979{7.412145.03716.704]45.021]2,987
50 9.367 50 9. 5.208 50,037/10.8 hzg 2 6.385 50.037{10. 50.021}7.412 uB.gea 6.385 LB.979 2.987.
5 311;2 55 g ol §.208 55.112| 10,208 | 54.887(5.879 25.112 10.2 25.075 7.367|54.887(5.87915 323 3,033
0 .712 60 .966] 5.208 60,208 9.379 792 Z.zzg 0.208| 9.379 0.1%2 Z'°3é .792 Z.zzo Za 58{2.879
65 2.99 és 8.310 5.208 65.271| 8, 729 3 65.2T1{ 8.325{ 65.183|6.2 .753 3 218817 2.&2
70 2979 | 70 Z 3.208 70.272 7.129 | 69.729]3. 28 70.27 2.171 70.183 E 67169.720,13.871| 69.817]2. 5
55 3'792 gs .87 .583 gs.zh . 7 .gs 3,05 5 .25 . 55.171 L8317, h513.225] 7h.829] 1. 70
0 .50l 0 2.816 3,583 0.196] L.l .80]2.2 0.217] 4. 0. 3,63 gzg 3{2.6 .8 437
85 2.175 85 679 3.042 85.137| 3.137 .862[1.5 85.179] 3. 85.137]3.15 .ga1{2.2 .862]1,521
90 1.8(7)2 90 |{3.522] 3.042 90.075| 1. 33.925 ZE 90.137| 2.921 jeevcmra|occan 33.862 1,871 ==em=n]ennn
95 .7 95 2.387] ----- 95.025| .737 9751 .246] 95.100| 2,162 f+w-=cmn]oacan .896{1.671|=ececeleacea
100 Jo 100 |1.314) 1.925 100 0 0 100.079| 1.717}100.071{1.671(99.925}2.717] 99.929{1.6T1
Fal int Pal int (P31 int
g L | L DDLU,
T TReSus L.E. radi t L.E, radius cent L.E. radius cent
=207 |y ="0.250, ¥ = 3.342 L.B. radius = 1.921 x > o0.296, 7 = 2.904 x = 0.800, ¥ = 2.792
L.E, radius = 0,250 L.B. radius = 0,250 L.E. radius = 0,250
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TABLE I - MODEL ORDINATES = Contlnued

High-canber wing

Basic airfoll section

Inlet section

Upper surface Lower surface Upper surface Lower surface
x y x y x y Y4 x ¥y Ja |
0 0 0 0 -1,021 G167 | ceeea 1.021 0167 | ecae-
.100 1.617 +900 1,292 «.512 2.8 g 3,042 1.512 2.53 2.833
<304 1.779 1.196 1.329 -.233 . 083 3,125 1.729 3,625 2,750
oh2 2.571 1.738 1.879 3 h.h}l 3,250 2.192 .T79 2,625
1.917 2,633 z,083 2.h17 1.600 0.2 3.667 3.4,00 .050 2.417
%.35& 5.162 3.6%g 3,083 L6 6.50 292 g. 58 h.%zs 2,167
.829 6-?3 .1 3.587 679 g. 87 | L.833 2321 | L.e79 | 1.917
13.321 7.425 10,679 3'932 .21 321 5.2@2 10.78 ly.887 1.730
«35) 9.07 15, 616 .5 .23 9.679 6.083 15. 5.187 1. g
19,41 10.3l, 20,5 5.0 12.3 3 10.746 6.750 20.617 5.&0% 1.45
2L.ho 11.342 25.2 5.30 2L.L9 11.533 g.u17 25.521 5455 1.375
23.592 12.100 30.5417 5.533 23.5 3 12.2 .000 2001 5.675 1.333
2l,.69 12, 5.30l 5.675 3],.692 12,70 8.458 5.30 5.737 1.333
.80 12,983 0.192 5.750 .808 12,99 8.550 0.192 5.762 1.375
aﬁ.%a 13,117 L5.067 s.zgo 933 1 13.117 | 8.87% h5.067 | 5.750 | 1. 55
50.067 13,050 49.933 5.683 50.067 13.075 8.317 uz.9 2 5.228 1.4
55,217 12,706 5L.7 ; 5,529 55.217 12.8,6 | 8.833 sL..783 5.629 1.5
0.412 12.150 ZE'BEZ 3.267 60.425 12,400 8.625 23.27 5.517 1.667
65.538 11.112 . 837 6.7l 11.625 8.333 . 0§ 5.350 2.000
70.583 %.708 69.417 }4.200 70. % 10.53%3 Z' 23 69.3L 2.025 2.375
5.2;5 .083% %475 3.150 S 9.167 833 7 'EZ% .523 2.232
0. g 6.329 52.571 2.637 o.Z 8 2.657 2.335 gz. 3,946 1.583
85.30 h.SlZ .672 1.800 85.L450L .017 .292 .546 3,200 1.625
90.179 2.7, 89.821 .987 90.333 1,383 3,833 89.667 2,625 2.042
95. 062 1.112 94..937 .287 95.212 3,000 | -=-a- 9. 787 2,175 | =e=--
100 0 100 0 100,096 1.979 1.925 99.90, 1.979 1.925
Fairing polnt Falring point
x = =0.717, ¥ = 3.000 x =1.237, y = 2.896
L.E. radius = 1,808 L.E. radius center L.E. radius center
x = =0.771, v = 3.237 x = 1.292, y = 3.125
L.E. radius = 0.250 L.E. radius = 0,250
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Figure 2.- Installation of wing-inlet model in NACA 8-foot high-speed tunnel.
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NACA ACR No. L4118 Fig. 3a,b

{a) Air inlet.

MOt 34004

(b) Air outlet.

Figure 3.- Details of inlet section of symmetrical wing.
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Fig. 6b NACA ACR No. L4118
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Fig. 7a NACA ACR No. L4118
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Fig. 8b- NACA ACR No. L4118
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Fig. Qa . NACA ACR No. L4118
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Fig. 9c NACA ACR No. L4118
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NACA ACR No. L4118 : Fig. 10a
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NACA ACR No. L4I18 Fig. 10c
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Fig. 1lla NACA ACR No. L4118
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NACA ACR No. L4118 Fig. 11b
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Fig. lle NACA ACR No. L4118

o,
24 (aeg)
v v -2
| 0
2.0 T oy
“ a IZ wngmmnm&m
Q\ +<6 |o \‘ ——'Uppef' scIJn‘ag:c
N | FF_’- ~Llower surface | o
S [Ty 1A B2 “
&12 +— , ‘\
\ L v 5
‘g k \\ | \ /r/j’
Vg | \ JA//‘IJ N i - ]
V! \J ! ' Y 7
Y )?//,Zﬁj% L FA 77,/
Az = ANl ip el
Q Ly N-§), e e = P‘ ) j—Z: O
/{7'4*——5”'“" V.72
i 1 g/
; I
A.j/)/ J o/ /
. il

Irnled sect/orn i Basic awror/ sectron

) Vi, = O55 %
;
0

0 /0 20 30 /70 20 K10)
Fercentchord Fercent chord

(c) My = 0,60,

Flgure 11,- Concluded,



| g

COMMITYEE FOR AERONAUTICS

-8 ] 17 -8 ¢ ] (2

+ 023 + 0.23

x .33 x .93
-6 4 ,4 K] -8 | 4 4 3

x .53 s « I3

P BN .8 5 P // 541-1
L~ 1 fob - ]
- 1 Lz | tnter section PSS T _ Inkt _section
) 1 gﬁr//—;{?/ l U,laper .scl/rfacc 7 / . Upporl syrrface
V‘?”’/’ ~ Basic @/rfoil seetion 7 Basic airfoil section
-2 ,[ 7 ———Upper surface -2 bl —r——=-Upper surroce
7 !
° 3 /0 20 30 <0 . o o /70 20 a0 40
Percent chord Percent choro
() ag = 0O, (b) ag = 19,

Figure 12,- Pressure dlstributions over forward portion of inlet section of symmetrical
wing for various lnlet-velocity ratios, K, =0, 20,

"ON YOV VOVN

8T1¥v1

*814

qQ‘®e31

#

RE



-2

I
VA,
0.23

.33

A3
g3

F 4 v X +

885

Inlet section
Upper surface

N\
§?’< el St Basic arrfoil section
t’f§§ T+ —— Upper surface
‘/ j’?;
] ] i I !
o /0 20 S0 40

Percen’ chord

(e) a, = 2%,

NATIONAL ADVISORY

Q COMMITIEE FOR AERONAUTIGS

/6
! Wil
-14 : Ogg
r 42
v\ ~ .53
/2 L N 1'85
Inlet section

——— Upper surface

Sasic asrfoil section
———Upper surface

\

|~
A
~

P\

t
o} /0
Percen?r chord

!
20

s0 4o

(@) a, = 4°,

Flgure 12,- Conocluded,

(]

‘3714

p‘o21

*ON HDV VOVN

8IIVT



; 4 NATIONAL ADVISORY

COMMITTEE FOR AERQNALTICY

— VN SS— 3y
-8 +0.26 -8 ] |+0.26
’ x .38 ) « ix .38
i P , 45 421?-5{ ;43
A | 5, 3 T .
. ) N i __7;@'// . .0
TN 7 . T ' C/’«’
P L1 A Inlet sect/on /+/ e _ Inlet section
j ¢§/ —— Upper surface P Yy
- L/, / —— Lower surface -4 ¥ ——— Uppor surfece
MR/ W/ 11 ’ #/ — - — Lower surface
i L Basic airfoil section L1 .
/ e = ———Upper surface K j‘ Basic airfoil sechan
+ir ! P - - '
@ 2 . —4— — ::.53"’ - ——Upper surfuce
xh//’ — )/,t
7l hoxZZ
l N Vd
) o WA
(4] /0 20 30 40 o /0 20 30 {7
Percernr chord Percentr chord
(a) a, = 0% () a, - 1%

4]

Figure 13,- Pressure distributions over forward portion of inlet gection of medium-camber
wing for various inlet-velocity ratios. llo

*ON YDV VDVN

811Vl

*81y

q‘egl



VA 1 -/6
+ 0.26
x .38
r 45 -
« 53 /4
v .80
/E>

Inlet section -2

— Uppor I.wrfacc

——

|
Bas/a arrter/ section -/.0

~——Upper surface

o

/70 20 80 0

Percerr choro

(c) a, = 20,

Figure 13,~ Concluded,

; NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

—

‘6/:(T
+ 026
x .98
'
« I3
» .80
Q\ﬁ\ |
Inlet section

—— Uppeor Surfoce
- T | _

N Basic airfor/ section
36{,("\ - ——JUpper surface
K\ 1
P——t—1
7] /0 20 30 40

Percerny chorod

(a) a, = 49,

*31y4

e1

‘
o

"ON ¥OV VOVN

8TIV1



- /0

VA,

\

'|I X 0-33
r 4

I. ~ 9.

T

[— [ |

// /' Inlet section
, .

- o Y,
€ it p // y/ lpper surface
P “““ // —— — Lower Surface
-4 \\\\/ Bas/c airfoil sect/on
— —— —Upper surfoce
. \\\\\.
I~
~2 RS
i/ T3 _
.7 1 A .
ol )
o /0 20 30 20

Percent chord

(a) o = o°.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
-10 VA,
I x 033
I _ r 45
-8 P A 1 1.5 5|
8 =
I.ll L 7 /: ~ Inlet section
T / .
-5 lﬂ‘ — — Upper surface
¥ od !‘ — — —Lower surface
T l |
-4 M/ Basic airfoil seot/en
ﬁ\l ——-Upper surfoce
\ - :
AR
-2 \\n
/ \ﬁk\\
J W=
, SE e e =
o 0 /0 20 30 0

Percen’ choro

(v) Go = loc

Figure 14,~ Pressure distributione over forward portion of inlet section of high-casber

wing for various inlet-vzlooity ratlos.

i,

= 0,20,

*ON YOV VOVN

811V

*814

q‘ep1



- /0

Inlet secrtiorn

Percent choro

{c) a, = 20,

Vi/v,
x 033
b r &
/' « I
/ B //l l
/4 =
7l
174
7 '
i »
i = —— 0P e
p
y
\
1) /0 20 30 > 1/

—— Ypper surface
~— —Lower Surface

Basic arrfoil section

surface

~2

=~/0
P

-8

Figure 14,- Concluded,

NATIONAL ADVISORY
COMMITTEE FoR AERONAUTICS

I~

P
"

/3—“—{ T Inlet section

I Uppelr Surface

Basric airforl section

— —— -Upper Surfoce

o

/70 20 30 <0
Percen? chord

(d) Go = 4_0.

‘814

PO%T

"ON ¥OV VOVN

8TIv1



NACA ACR No.

L4118 CONFIDENTIAL Fig.

-4
22 iy
o
o (] : JARN
-8 \\\\M’/{ \
\ \¥
-/6 .
VIR
» I IR
D 2 A
82 \\\
9
%—/. 0 = ‘
1Y \\ f X
§ﬂ5 - I~ — g//yy\
3 - | N
Q;S \\fJ//// j\
. 2 L]
-t 2)
-2
o S
o

v 2 3 £ 5 6 7 .8
N7,

o
(a) Inlet section, Vy [V, = 0.53.
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15a



2

ig. 15D

NACA ACR No.

-/8

-/6 \\

A \

/ LT
Q ) //w&\ b

~=/ C7<c
R (deg) — \ 7
% F o | ﬁ
40 /
S
8ﬁ8 -< — \\ cr
v ANEEEE = = dl ¢

B I

2 O~d g 4]
Q§~.6 ?f\’:

=

=2 NATIONAL ABVISORY

COMMITTEE FOR AZRONAU
O . 2 .:3 5 6 7 B

N,
(b) Baslc airfoll section,

Flgure 1b,~ Concluded,

L4118



'iﬂz“

NACA ACR No. L4118 Figs. 16,17

T 1 | — T T T
Bas/c airdoi Ssec /09— L/ /er sectron
/ 744
7 +——t—— 285
= — = ‘)‘1-'- 'L / P 53

\
\

Y N \\\ \‘\\\:> 43

(\))

A
N
/l
/7 )

Yy P 2
7 < =<k
V
5 I~
= o / 2 3

o, deg
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Figure 20,~ Variation of oritioal Mach number with
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Figure 28,~ Variation of profile drag with angle of attack
for symmetrical wing,
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Fig. 29a,b NACA ACR No. L4I18
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Figure 31,- Variation of section
pitching-moment coefficlents
with Mach aumber for symmetrical
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Fig. 40a,b NACA ACR No. L4I18
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